Finite element simulation of the mechanism
The geometry for each simulation is drawn by the COMSOL software. A 2D model was used to simplify the simulation. When the silicone rubber membrane and the top conducting fabric are separated after they were in contact, the surface of rubber membrane and the top conducting fabric will have opposite charges due to the triboelectric effect. Based on the nature of triboelectric effect, the generated triboelectric charges are assumed to distribute uniformly on the rubber membrane, which is an excellent insulator. For the top conducting fabric, the internal resistance of the conducting fabric is neglected because the internal resistance of the conducting fabric is much smaller than the inherent impedance of the triboelectric nanogenerator.
Further, the decay of triboelectric charges with time can be neglected because the insulators can maintain the surface triboelectric charges for a long time. Due to the charge conservation, the surface of silicone rubber and the top conducting textile surface have the same amount of triboelectric charges. The whole structure is surrounded by air, which is the same as the case in the experiments. The potential at infinity is set as the reference point, which is 0, for the electric potential. The material property is also assigned in the COMSOL software. Subsequently, the required electrostatic properties can be calculated by utilizing the COMSOL software electrostatics module.
Parameters for the established models (these parameters will only affect the magnitude of the electric potential but not the changing trend of the calculated results): The thickness of the silicone rubber is set to be 2 mm. To present the roughened surface of the rubber membrane, the top surface of the rubber membrane is assumed to be a series of horizontal and oblique lines. The horizontal lines are individually set as 1 mm with the triboelectric charge densities of -80 nCm -2 . The oblique lines are individually set as 1.41mm with the triboelectric charge density of -59.2 nCm -2 . The length and thickness of the conducting fabric are set to be 16 mm 2 mm, and the triboelectric charge density on the surface of conducting fabric is assigned to be 120 nCm -2 . The open-circuit voltage is derived by calculating the potential difference between the silicone rubber membrane and the top conducting fabric. 
Supporting Information 1. Comparison of WPF-MTENG with recent fabric-TENGs
Freestanding flag-type woven TENG Figure S14 shows the air permeability of the WPF-MTENG, EVA film, and other commercial breathable and waterproof fabric. Because the outer EVA film is a continuous film, the WPF-MTENG is lack of air permeability. On the other hand, entirely sealing the WPF-MTENG is necessary because the contact and separation of the two active fabrics come from the motion of the air between the fabrics. If the multi-layered WPF-MTENG is breathable, the top fabric will adhere to the rubber membrane after they are in contact, leading to the issue in separating the two active fabrics. However, in practical uses, it is not necessary to fabricate the entire garment by the multi-layered WPF-MTENG. The WPF-MTENG can be joined to other breathable fabrics for designing a power garment. Only the partial regions of a smart garment need to join the fabric-based WPF-MTENG. For example, for the use of bodymotion energy harvesting, the WPF-MTENG can be joined on the regions of a garment where the motion of bodies is large, such as the regions on the elbows or knees. 
